The effects of aerosols on visibility through scattering and absorption of light and on climate through 20 altering cloud droplet concentration are closely associated with their hygroscopic properties. Here, based on 21 field campaigns in winter and summer in Beijing, we compare the size-resolved hygroscopic parameter (κ gf ) 22 of ambient fine particles derived by an HTDMA (Hygroscopic Tandem Differential Mobility Analyzer) to 23 that (denoted as κ chem ) of calculated by an HR-ToF-AMS (High-resolution Time-of-Flight Aerosol Mass 24 Spectrometer) measurements using a simple rule with a uniform internal mixing hypothesis. We mainly 25 focus on contrasting the disparity of κ gf and κ chem between summer and winter to reveal the impact of 26 atmospheric processes/sources on aerosols hygroscopicity and to evaluate the uncertainty in estimating 27 particles hygroscopicity with the hypothesis. We show that, in summer, the κ chem for 110, 150 and 200 nm 28 particles was averagely ~10% -12% lower than κ gf , with the greatest difference between the values observed 29 around noontime when aerosols experience rapid photochemical aging. In winter, no apparent disparity 30 between κ chem and κ gf is observed for those >100 nm particles around noontime, but the κ chem is much higher 31 than κ gf in the late afternoon when ambient aerosols are greatly influenced by local traffic and cooking north China, we verify that atmospheric photochemical aging of aerosols enhances their hygroscopicity and 34 may induce a coating effect which thereby leads to 10%-20% underestimation of the hygroscopic parameter 35 if using the uniform internal mixing assumption. The coating effect is found more significant for these >100 36 nm particles observed in remote or clean regions. However, local primary sources, which result in an 37 externally mixture of the fine particles with a large number of POA (Primary Organic Aerosol) in urban 38 Beijing, makes the particle much less hygroscopic and cause 20-40% overestimation of the hygroscopic 39 parameter by the mixing rule assumption. In addition, we also note lower κ chem than κ gf for 80, 110 and 150 40 nm particles during the nighttime of winter, particularly in polluted days, probably due to a nighttime 41 coating effect driven by condensation of secondary hygroscopic species on pre-existing aerosols in cold 42 season. Our results suggest that it is critical to parameterize the impacts in model simulations to improve the 43 evaluation of the aerosols indirect effect. 44
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Introduction 45
The effects of aerosols on visibility through scattering and absorption of light and on climate through 
Theory and method 173
2.3.1 Derivation of the hygroscopic parameter, κ, from the growth factor (Gf) 174
According to κ -Köhler Theory (Petters and Kreidenweis, 2007) , the hygroscopicity parameter κ can be 175 derived using the growth factor measured by an HTDMA. 176
= (
3 − 1)(
where Gf is hygroscopic growth factor measured by HTDMA, D d is the dry diameter of the particles, RH is 179 the relative humidity in the HTDMA (90%, in our study), σs/a is the surface tension of the solution/air 180 (assumed here to be the surface tension of pure water, σs/a = 0.0728 N m −2 ), M w is the molecular weight of 181 water, R is the universal gas constant, T is the absolute temperature, and ρ w is the density of water. 182
Derivation of the hygroscopic parameter, κ, from chemical composition data 183
For an assumed internal mixture, κ can also be calculated by a simple mixing rule on the basis of 184 chemical volume fractions (Petters and Kreidenweis, 2007; Gunthe et al., 2009) continued local and primary emissions near the study site, the Gf-PDFs for 40 nm particles generally display 219 a bimodal shape with more and less hygroscopic modes (with Gf of ~ 1.5 and ~ 1.1 respectively) throughout 220 the day both in winter and summer periods, indicating an external mixing state for the 40 nm particles. Note 221 that, during nighttime and early morning in the winter, the more hygroscopic mode dominated and was 222 shifted to higher Gf than during the daytime. This is thought to be due to heterogeneous/aqueous reactions 223 on pre-existing primary small particles, and/or coagulation/condensation processes that are enhanced at 224 night under lower ambient temperature and higher relative humidity, all of which result in a more 225 (Fig. S3 ). For 150 nm particles, the hygroscopic mode in the Gf-PDF is more dominant 232 during daytime in particular during the summer period when the strong solar radiation promotes 233 photochemical aging and growth, thus producing a more internally-mixed aerosol. The dominant 234 hydrophobic mode at around 18:00 was observed both in winter and summer and reflects abundant traffic 235 emissions and cooking sources (primarily with POA) during the early evening period (Fig. 2c) . 
κ gf dependence on D p 241
The size dependence of particle hygroscopicity parameters for the winter and summer periods are 242 presented in Fig.4 . In the winter, the 40 nm particles were least hygroscopic and the hygroscopicity of larger the size range as shown in the pie charts in Figure 4a . A similar dependence of particle hygroscopicity on 251 particle size was also observed in the urban area of Beijing during the wintertime of 2014 (Wang et al., 252 2018b ). In the summer, hygroscopicity increased with increasing particle size, which is expected based on 253 14 the size dependent patterns shown in the pie charts, with the mass fraction of POA decreasing with the 254 particles size and the mass fraction of inorganics like sulfate and nitrate increasing with particle size. 255
Closure of HTDMA and chemical composition derived κ 256
A closure study was conducted between к chem and к gf (Fig. 5) to investigate the uncertainty of the two 257 methods, and especially to further illustrate whether particle hygroscopicity can be well predicted by This may be associated with photochemical processes at around noontime. More specific investigations of 284 the particle mixing and aging impacts on κ chem will be further addressed in the following sections. 285
Atmospheric processes and sources effects indicated by diurnal cycles of κ chem and κ gf 286
The diurnal cycles of particle hygroscopicity in the summer and winter with the use of the size-resolved 287 chemical composition observations and the ratio of κ chem to κ gf are shown in Fig. 6 . In summer, at 288 09:00-15:00, the disparity between κ chem and κ gf is insignificant for smaller particles (80 and 110 nm), both 289 of which show slight decrease from 09:00 or 10:00 to 12:00-13:00 due to the frequent NPF event that 290 usually corresponds to a large fraction of organics (Fig. 3) noontime/early afternoon underestimation of particle hygroscopicity by κ chem . While, no significant 300 differences between κ chem and κ gf are observed during night time. Note that κ chem is slightly higher than κ gf 301 during early evening traffic rush hour and cooking time, when emissions of primary hydrophobic particles 302 (e.g. POA) are high (Fig. 3b) , thus resulting in a large percentage of externally-mixed particles (Fig. 3e, Fig.  303 S4 and Fig. S5) . Therefore, the assumption of uniform internal mixing will overestimate hygroscopicity 304 according to our previous study (Zhang et al., 2017) . But the particles experience rapid conversion and 305 thus the coated/aged particles produced through photochemical processing in the afternoon can mix and 307 interact with and freshly emitted primary particles emitted during rush hour (Wu et al., 2008) . Therefore, 308 during nighttime (22:00-06:00, LT), the particles are more uniform internally-mixed, which is reflective of 309 the assumption for calculation of κ chem , a much better consistency between κ chem and κ gf is observed. And due 310 to the relatively clean conditions overall in the summer, no large differences are observed under clean and 311 polluted conditions (Fig. S5-S7) . In winter, the disparity between κ chem to κ gf is insignificant at 09:00-15:00 due to the weakening 318 effect of photochemical aging. From 15:00 to 21:00 LT, due to the strong vehicle and cooking sources 319 around the site, the particles are dominated by the hydrophobic mode with a large concentration of 320 externally-mixed POA particles (Fig. 3 and Fig. S8 ), the calculated κ chem is much higher than κ gf , with the 321 maximum ratio of κ chem to κ gf of 1.2-1.4, and the greatest disparity is observed for small particles. clean /polluted conditions between winter and summer period. 326 disparity is further enhanced during clean periods (Fig. S7, Fig. S9 and Fig. 7) when the hydrophobic mode 327 is dominant (Fig. 8) . But note that during the nighttime, κ chem is slight lower than κ gf , with the minimum ratio 328 of κ chem to κ gf of ~0.8 for 80 nm particles and ~0.9 for 110 and 150 nm particles at 02:00-04:00 LT (Fig. 6b) , 329 indicating an underestimation of particle hygroscopicity using composition data. The disparity at nighttime 330 is further increased during heavily polluted events (Fig. 7 and Fig. S9 internally-mixed with only one hygroscopic mode (Fig. 8 and Fig. S8) . We believe the increased 332 underestimation during polluted conditions is likely due to enhanced condensation of secondary hygroscopic 333 compounds (e.g. nitrate, sulfate) on pre-existing aerosols at lower temperature and higher relative humidity 334 at nighttime (Wu et 
Observation from other stations 340
The aging process in the summer period is related to photochemical processing in strong solar radiation 341 conditions. The photochemical reactions produce sulfate and secondary organic aerosol, condensing on the 342 surface of slightly-or non-hygroscopic primary aerosols (such as black carbon) (Zhang et al., 2008) . As 343 discussed in 3.4, the core-shell structure that accompanies aging of the particles results in calculated κ chem 344 that underestimates their hygroscopicity. To confirm such a coating effect on particle hygroscopicity, we 345 further examine the diurnal variations of κ chem and κ gf or κ CCNc (derived from CCN measurements) based on 346 observations in summer at two other sites in north China (Fig. 1) . We find that the case at the Xingtai (XT) 347 site is very similar to that observed in Beijing (BJ), with a lower κ chem than κ gf around noon time. But, 348 because of much less influences from the local sources at XT compared to that at BJ, such underestimation 349 by κ chem continued until night at XT (Fig. 9b) . Interestingly, a noontime lower κ chem was not observed in the 350 diurnal cycles at the Xinzhou (XZ) site, where κ chem and κ CCNc had similar diurnal patterns (Fig. 9c) 
Conclusion 372
Using measurements of aerosol composition and hygroscopicity made in Beijing (BJ) during a winter 373 period of 2016 and a summer period of 2017, this paper analyzes the daily variation and seasonal differences 374 of size-resolved aerosol hygroscopicity in urban Beijing. We mainly focus on studying the disparity of κ gf 375 and κ chem between summer and winter to reveal the impact of atmospheric processes and mixing state of the 376 particles on its hygroscopicity. The uncertainty in calculating κ by using chemical composition with a 377 uniform internal mixing hypothesis is elucidated from the diurnal variations of the difference between the 378 calculated values: in summer, lower κ chem is obtained around noontime, with a ratio of κ chem to κ gf of about 379 0.8-0.9 for large particles (i.e. 150 nm and 200 nm), showing an underestimation of particles hygroscopisity 380 by using simple mixing rule based on chemical composition. Combining with the observation from Xingtai 381 and Xinzhou, we attribute the underestimation to the rapid noontime photochemical aging processes in 382 summer, which induces the coating effect that will lead to a lower κ if assuming a uniform mixing of the 383 particles. In contrast, larger κ chem than κ gf for >100 nm particles around noontime and in the early afternoon 384 is derived in winter, with the maximum ratio of κ chem to κ gf of 1.2-1.4 when the particles are dominated by 385 the hydrophobic mode with a large number of externally-mixed POA particles from strong vehicle and 386 cooking sources. We suggest that, by using the simple mixing rule, the particles hygroscopisity can be 387 underestimated up to 10%-20% for aged aerosols due to the coating effect, but will be maximally 388 
